RT-PCR followed by 5 -and 3 -rapid amplification of cDNA ends was used to clone and sequence ovine prolactin-releasing peptide (PrRP). The cDNA was characterised by short 5 -and 3 -untranslated regions and a GC-rich (71%) coding region. The nucleotide and deduced amino acid sequences for the coding region showed 95·6 and 94·9% identity with bovine PrRP but the amino acid sequence of PrRP31 was conserved between these species. Northern blot analysis and RT-PCR showed that, as in the rat, the peptide was more abundantly expressed in the brainstem than the hypothalamus. However, in the ovine hypothalamus, PrRP mRNA expression was more widespread than in the rat, with expression detected in both rostral and caudal parts of the mediobasal hypothalamus. The effects of synthetic ovine PrRP on prolactin secretion both in vitro and in vivo were also examined. In primary cultures of sheep pituitary cells, PrRP significantly (P<0·01) increased prolactin concentrations in the culture medium but the response was not observed in every experiment and was only seen when pituitary glands were dispersed with collagenase rather than trypsin. PrRP was much less potent than TRH which caused a significant (P<0·01) two-to threefold increase in prolactin concentrations in every experiment. Intravenous (10 and 50 nmol) or intracerebroventricular (10 and 50 nmol) injection of PrRP had no significant effect on either plasma prolactin concentration or pulsatile LH secretion whereas intravenous injection of TRH (10 nmol) produced a highly significant (P<0·01) and more than sevenfold stimulation of plasma prolactin concentrations. In conclusion, these results suggest that PrRP is unlikely to be an important prolactin-releasing factor in this species.
Introduction
Secretion of prolactin from the anterior pituitary gland is under dual control from inhibitory and stimulatory factors released from the median eminence or posterior pituitary gland. While it is generally accepted that dopamine is the major inhibitory factor, there is no consensus on the identity of physiologically relevant prolactin-releasing factors (PRF). Many putative PRFs have been identified and some of these have proven to be important in some species and under some physiological circumstances. However, there is no single neurochemical that is widely accepted as a PRF in the same way that gonadotrophinreleasing hormone, thyrotrophin-releasing hormone (TRH), growth hormone-releasing hormone and corticotrophin-releasing hormone are recognised as releasing factors for the other anterior pituitary hormones. Within this context, the discovery of a novel peptide ligand for the human orphan G-protein-coupled receptor hGR3 (also known as UHR1 and GPR10) was of particular interest (Hinuma et al. 1998 ). This receptor is most abundantly expressed in the anterior pituitary gland (Marchese et al. 1995 , Welch et al. 1995 and so Hinuma et al. (1998) screened hypothalamic extracts after fractionation by HPLC for their ability to stimulate arachidonic acid turnover in CHO cells transfected with hGR3. Two peptides that were equipotent in this bioassay were isolated, a 31 amino acid form and an N-terminally truncated form with 20 amino acids. The long form of the peptide was further characterised and shown to stimulate prolactin secretion from rat pituitary cells in primary culture and RC-4B/C cells and was equipotent with TRH (Hinuma et al. 1998) . Based on these observations, the peptide was named prolactin-releasing peptide (PrRP). Given the history of the PRF field, it is not surprising that subsequent studies by these and other authors have not provided convincing evidence in support of this role. For example, both in vivo and in vitro, PrRP has low potency in terms of its ability to stimulate prolactin secretion (Samson et al. 1998 , Jarry et al. 2000 . Further, it is now known that the highest concentration of PrRP containing neurones is found in the brainstem (Minami et al. 1999) and that only small numbers of PrRP-positive neurones occur in the caudal dorsomedial hypothalamus (Minami et al. 1999) . However, of more importance in relation to its proposed role as a PRF, PrRP immunoreactive fibres are not seen in the external zone of the median eminence (Maruyama et al. 1999) .
To date, detailed studies of PrRP have focused mainly on the rat and little information is available for other species. As there are well-known differences between rats and other species in terms of the identity and potency of PRFs, the present investigation was undertaken to evaluate this peptide in female sheep. The aims of this study were as follows: first, to obtain a cDNA clone of sheep PrRP; secondly, to characterise the distribution of PrRP mRNA in the hypothalamus as well as other brain regions; thirdly, to determine whether PrRP stimulates prolactin secretion from sheep anterior pituitary cells in vitro; and fourthly, to determine whether intravenous or intracerebroventricular injection of PrRP stimulates prolactin or luteinising hormone (LH) secretion in vivo in the ewe.
Materials and methods

Animals
All experiments were conducted on mature Merino ewes housed indoors under a lighting regimen that followed the natural photoperiod. They were fed a maintenance diet and given free access to water. Tissue samples for extraction of RNA and tissue culture were obtained without regard for the stage of the oestrous cycle. Ewes were killed by intravenous injection of pentobarbitone and the brain and pituitary gland were quickly removed and dissected. Tissues for extraction of RNA were frozen on solid CO 2 and stored at 80 C. In vivo experiments were conducted on ewes that were ovariectomised 1-2 months beforehand. At the time of ovariectomy each ewe received a subcutaneous oestradiol implant (1·0 cm) (Anderson et al. 1996) that was removed 2 weeks before the 3-week period during which the experiments were conducted. The lateral cerebral ventricle was chronically cannulated under anaesthesia as previously described (Sawangjaroen & Curlewis 1994) . During experiments, blood samples were collected from a jugular cannula that was inserted on the day preceding each experiment. Intravenous treatments were administered via the jugular cannula and intracerebroventricular injections were performed as previously described (Sawangjaroen & Curlewis 1994) . Procedures performed in this study were approved by the Animal Experimentation and Ethics Committee of The University of Queensland.
Peptides/chemicals
TRH was obtained from Auspep (Parkville, Australia). Ovine PrRP (oPrRP) was synthesised by Chiron Technologies (Clayton, Australia). Peptides were freshly prepared on the day of each experiment by dissolving them in sterile water.
Cloning of oPrRP
The nucleotide sequence of oPrRP cDNA was determined from clones obtained by reverse transcription (RT)-polymerase chain reaction (PCR) followed by 3 -and 5 -rapid amplification of cDNA ends (RACE). Total RNA was extracted from the mediobasal hypothalamus (RT-PCR and 3 -RACE) or brainstem (5 -RACE) with Trizol reagent (Gibco BRL, Melbourne, Australia). For RT-PCR and cloning of the coding region, RNA from the mediobasal hypothalamus was reverse transcribed using the Superscript preamplification system according to the manufacturer's instructions (Gibco BRL). In brief, cDNA was synthesised from 5 µg total RNA using an oligo(dT) primer (1·25 µM) and Superscript II reverse transcriptase (200 U). Reactions were treated with RNase H (2 U) prior to storage at 80 C. The RT product (0·5 µl) was then used in PCR with forward (GCGGTG GGGGCCTGGCTC; primer i) and reverse (GAGGG CTCGGGAGGGCTCA; primer ii) primers designed from the published sequence of bovine PrRP (Hinuma et al. 1998) . Each PCR contained 5% dimethyl sulphoxide (DMSO), 0·5 µM of each primer, 0·2 mM dNTP, 2 mM MgCl 2 and 1·3 U Taq DNA polymerase (Biotech International, Perth, Australia) in 50 µl 1 Taq reaction buffer (Biotech International) and was carried out for 40 cycles (94 C, 30 s; 68 C, 30 s; 72 C, 30 s). PCR products were visualised on an ethidium bromide-stained agarose gel, the band of interest was excised and the cDNA extracted and purified by ethanol precipitation. DNA fragments were ligated into the vector, pGEM-T (Promega, Madison, WI, USA) and transformed into JM109 competent cells (Promega). Plasmids containing the insert were prepared for automated sequencing using the ABI PRISM BigDye terminator cycle sequencing ready reaction kit (Perkin Elmer, Foster City, CA, USA) according to the manufacturer's instructions. Two clones were sequenced in both directions.
-RACE
cDNA was synthesised from 5 µg total RNA using 1·88 µM RACE RT primer (GACCACGCGTATCG ATGTCGACTTTTTTTTTTTTTTTT; primer iii) and superscript II reverse transcriptase (200 U). A modification for RT on GC-rich sequences was used as follows: a higher incubation temperature (50 C instead of 42 C) was used during cDNA synthesis, the RNA/primer mix was directly shifted from 70 C to 50 C and the complete 2 reaction mix was prewarmed to 50 C before adding it to the RNA/primer mix. Following RT, the reaction was treated with RNase H (2 U) prior to storage at 80 C. The RT product (1·0 µl of 1:10 dilution) was used in first round PCR (94 C, 30 s; 60 C, 30 s; 72 C, 30 s; 30 cycles) with an oPrRP forward primer (CTGGCTCCT CTGCCTGCTGCT; primer iv), based on the sequence obtained above, and a reverse RACE-anchor primer (GACCACGCGTATCGATGTCGAC; primer v). This was followed by partially nested, second round PCR (94 C, 30 s; 58 C, 30 s; 72 C, 30 s; 35 cycles) using primer v and primer vi (GCAGAGCCCACCAGCA CTCCAT). Cloning and sequencing of the PCR product was performed as described above.
cDNA was synthesised using the Superscript preamplification system with an oligo(dT) primer as described above and then purified using a QIAquick PCR purification kit (QIAGEN, Victoria, Australia), eluted with 30 µl water, and ligated to the RACE A primer (PO 4 -GTAGGAA TTCGGGTTGTAGGGAGGTGACATTGCC; primer vii) as follows: 20 µl cDNA and 10 µl of 10 µM RACE A primer were heated to 60 C for 5 min and then chilled on ice. T4 RNA ligase (30 U) and 3·5 µl 10 T4 RNA ligase buffer (Genesearch, Arundel, Australia) were added and the reaction left at room temperature (22-24 C) overnight. Ligated cDNA was purified using the QIAquick PCR purification kit and eluted in 40 µl water. cDNA (5 µl) was used as template in PCR with 0·1 µM RACE B primer (GGCAATGTCGACCTCCCTAC AAC; primer viii) and a gene-specific primer (GTCGCT TGTGGAGGAGGAGGGATG; primer ix), 5% DMSO, 2 mM MgCl 2 , 0·2 mM dNTP and 1·3 U Taq DNA Polymerase (Biotech International) in 50 µl 1 Taq reaction buffer (Biotech International). This was carried out for 25 cycles (94 C, 60 s; 80 C, 60 s; 60 C, 60 s; 68 C, 5 min; 94 C, 30 s; 60 C, 30 s; 68 C, 2 min; 68 C, 30 min). The product (2 µl) was used in a second PCR with 0·2 µM RACE C primer (CTCCCTACAACCCG AATTCCTAC; primer x) and a gene-specific primer (GAGGGGTCGGGAGGGCTCA; primer xi) for 35 cycles (94 C, 60 s; 94 C, 20 s; 62 C, 40 s; 68 C, 2 min; 68 C, 30 min) and the product was visualised on an ethidium bromide-stained agarose gel. A band of 400-500 bases was excised and the DNA extracted using the CONCERT rapid gel extraction system (Gibco BRL), cloned and sequenced as described above.
In order to confirm the assembled sequence and to determine whether the same sequence occurred in both mediobasal hypothalamus and brainstem, primers to the 5 -(GCTCCCGTCCAGAGCACTCGCCAG; primer xii) and 3 -untranslated regions (UTRs; primer vii) were used in PCR and the resulting bands were excised, purified, cloned and sequenced as described above.
Distribution of PrRP mRNA
Northern analysis Total RNA was extracted from the dorsomedial and lateral brainstems, mediobasal hypothalamus and liver as described above. A 124 bp cDNA probe to the 3 -UTR was subcloned from the 3 -RACE clone by PCR with primers xiii (CTGGGG CGGCTGACA) and xiv (TTTTTTTTGAACAAGCC AGC). Following a restriction digest of plasmid DNA with NcoI and NdeI, the probe was purified by agar gel electrophoresis. The cDNA probe was labelled with 5 µl [ -32 P]-dCTP (110 TBq/mmol; Amersham International plc, Amersham, Bucks, UK) using the random prime DNA labelling kit (Amersham International plc) and purified from unincorporated nucleotides using a Sephadex G-50 column (nick column; Amersham International plc). RNA was denatured and separated on a 2·4% formaldehyde/1·2% agarose gel, transferred overnight to a Hybond XL membrane (Amersham International plc) by capillary transfer in 20 SSC buffer (3 M NaCl, 300 mM sodium citrate dihydrate, pH 7·8) and UV-cross linked (UV Stratalinker; Stratagene, San Diego, CA, USA). Hybridisation was carried out for 18 h at 42 C in Ultrahyb solution (Ambion, Austin, TX, USA), containing 50% formamide, followed by two washes for 15 min at 65 C in 1 SSC, 0·1% SDS followed by 10 min at 65 C in 0·1 SSC, 0·1% SDS. The membrane was exposed to Hyperfilm MP autoradiographic film (Amersham International plc) for 7 days at 80 C with an intensifying screen.
RT-PCR Brain areas were dissected with a scalpel blade and frozen on solid CO 2 . RT-PCR was performed as described above. PCR for PrRP was performed using primers i and ii for 35 cycles in the presence of 5% DMSO (94 C, 30 s; 68 C, 30 s; 72 C, 30 s). In addition, PCR with ovine -actin primers (GCTGTGCTGTCCCTGT ACGC and GCGGATGTCGACGTCACAC) was performed (94 C, 30 s; 68 C, 30 s; 72 C, 30 s; 24 cycles; no DMSO) as a positive control for each tissue sample.
In vitro experiments
Two techniques were used for primary culture of sheep pituitary cells. The first method which uses trypsin (5 mg/ml) to disperse the cells has been used extensively in this laboratory , 1997 , Colthorpe et al. 2000 . Dispersed cells were plated into 24-well plates (Nunclon Multidish; Nalge Nunc, Naperville, IL, USA), at a density of 500 000 cells/well and preincubated for 4 days in Dulbecco's modification of Eagle's medium (DMEM-I; ICN, Aurora, OH, USA) supplemented with 10% fetal calf serum (Gibco BRL; FCS-DMEM-I) at 37 C under 5% CO 2 in air. The culture medium was replaced after 3 days. On the day of the experiment, each well was washed twice with Dulbecco's phosphate-buffered saline (PBS; Gibco BRL) containing CaCl 2 ·2H 2 O (0·9 mmol/l) and MgCl 2 ·6H 2 O (0·5 mmol/l), once with 0·2% bovine serum albumin-DMEM-I (BSA-DMEM-I) and then preincubated in 1 ml BSA-DMEM-I for 30 min. The medium was then replaced with a further 1 ml BSA-DMEM-I and incubated for another hour, after which the incubation medium was removed. Each well then received BSA-DMEM-I containing the test compounds. The cells were incubated for a further 2 h and then the medium was removed and stored at 20 C.
The second method which uses collagenase and pancreatin to disperse the cells was based on a recent study by Kawamata et al. (2000) on rat pituitary cells in which it was claimed that this method produces cells that are more responsive to PrRP than those prepared by trypsin digestion. In brief, pituitary glands were washed in buffer containing Dulbecco's PBS containing HEPES (25 mmol/l), penicillin G (100 000 U/l) and streptomycin (100 mg/l), pH 7·4 (DPBS-II) and then cut into small pieces about 1-2 mm square which were then washed six to eight times in the same buffer. The pieces from two pituitary glands were then incubated with gentle stirring at 37 C for 90 min in 30 ml DPBS-II containing 0·2% collagenase A (Boehringer Mannheim, Mannheim, Germany), 20 mg/l DNase (Sigma Chemical Co., St Louis, MO, USA), 0·4% BSA (Sigma Chemical Co.) and 0·2% glucose. After gentle trituration through a glass pipette, cells were centrifuged and the pellet resuspended in DPBS-II (20 ml) containing pancreatin (0·25%; Sigma Chemical Co.) and DNase (20 mg/l) and incubated for 8 min at 37 C. FCS (10% final concentration) was then added, the cells centrifuged and washed twice in DMEM containing NaHCO 3 (3·7 g/l), 20 mmol/l HEPES, penicillin G (100 000 U/l) and streptomycin (100 mg/l), pH 7·4 and 10% FCS (FCS-DMEM-II) and then filtered through a nylon mesh (Beckton Dickinson, Bedford, MA, USA). Dispersed cells were plated into 24-well plates at a density of 150 000 cells/well and were preincubated for 4 days in FCS-DMEM-II as described above. The culture medium was replaced after 3 days. On the day of the experiment, cells were washed three times with 1 ml DMEM containing 3·7 g/l NaHCO 3 , 20 mmol/l HEPES and 0·2% BSA, pH 7·4 (DMEM-III) and then incubated for 1 h in the same culture medium. Each well was then washed twice with about 0·5 ml DMEM-III and then the test substance in 1 ml DMEM-III was added and incubated for 2 h at 37 C after which the medium was removed and stored at 20 C.
For each of the three experiments reported here, pituitary glands from two ewes were pooled and processed together. In two of the three experiments, the pooled pituitary pieces were then divided into two parts which were processed by each of the above methods. All treatments with peptide or vehicle were done in quadruplicate.
In vivo experiments
Intravenous treatments with PrRP and TRH Six ovariectomised ewes were treated with vehicle (1 ml water) or PrRP (10 and 50 nmol) administered intravenously through a jugular cannula. All animals received each treatment on successive days with treatments organized in a Latin square design (Sokal & Rohlf 1995) . Blood samples were collected every 10 min for 3 h before and 3 h after injection of peptides. In a separate experiment on six ewes, the prolactin response to 10 nmol TRH (Auspep) was also determined. Plasma was stored frozen for assay of prolactin (selected samples) and LH (50 nmol PrRP treatment and vehicle only).
Intracerebroventricular PrRP
The six animals from the above study were then used to test for central effects of PrRP. Each animal received intracerebroventricular vehicle (200 µl water) or PrRP (10 and 50 nmol) with treatments again organized in a Latin square design. Blood sampling was as described above and again prolactin was measured in selected samples and LH was measured in all samples.
Radioimmunoassay, LH pulse analysis and statistics
Prolactin concentrations in culture medium or plasma and LH concentrations in plasma were determined by radioimmunoassay as previously described (Sawangjaroen & Curlewis 1994) . Prolactin assay sensitivity was 0·8 ng/ml and the intra-and interassay coefficients of variation were 7·2 and 16·3%. Sensitivity for the LH assay was 0·2 ng/ml and the intra-and interassay coefficients of variation were 11·3 and 16·6%. Plasma LH concentrations during the 3-h periods before and after administration of treatments were analysed for pulsatility using the Munro program as previously described (Anderson et al. 1996) .
In each in vitro experiment, the response to PrRP or TRH was examined by analysis of variance (ANOVA) with Duncan's multiple range test for post-hoc comparisons with control. Overall effects (three experiments for the collagenase method or two experiments for the trypsin method) were examined by nested ANOVA. For the in vivo experiments, repeat measure ANOVA was used to analyse pre-and post-treatment windows for effects on plasma hormone concentrations. LH pulse characteristics for each treatment window were analysed by one-way ANOVA.
Results
Cloning
The assembled sequence obtained from PCR followed by 3 -then 5 -RACE is shown in Fig. 1 . PCR/cloning with primers to the 5 -and 3 -UTRs confirmed that this sequence occurred in both the mediobasal hypothalamus and brainstem. The 461 bp sequence was characterised by short 5 -and 3 -UTRs of 84 and 80 bp respectively (excluding the poly-A tail) and a 297 bp, GC-rich (71%), coding region. Analysis of the 3 -UTR indicated a single polyadenylation signal (AATAAA) 58 bp downstream of the stop codon, followed by the polyadenylation site a further 16 bp downstream. Over the entire coding region, the oPrRP nucleotide sequence had 95·6% identity with the published sequence for bovine PrRP (Hinuma et al. 1998) . The deduced amino acid sequence for the 31 amino acid oPrRP was identical to that of bovine PrRP and only five residues differed over the full 98 residue prohormone. Figure 2 shows a Northern blot of hypothalamus and lateral and dorsomedial brainstem hybridised with a cDNA probe to the 3 -UTR of oPrRP. A single transcript of about 590 bp is present in the dorsomedial brainstem. Very faint bands of the same size were present in the lateral brainstem and hypothalamus although these cannot be seen in Fig. 2 . RT-PCR was used to give a more detailed picture of the PrRP mRNA distribution in various hypothalamic and brainstem regions. In the hypothalamus and surrounding structures (Fig. 3, top panels) , the most abundant signal was seen in the ventromedial hypothalamic region with faint bands also detected in dorsomedial hypothalamus, lateral hypothalamus, arcuate nucleus/median eminence and anterior hypothalamus. No product was obtained from the anterior pituitary gland or caudate nucleus. In the brainstem (Fig. 3, bottom panels) , intense bands can be seen for dorsomedial and lateral brainstem but not for the ventromedial brainstem. In this PCR, which was optimised for semi-quantitative comparison between tissues expressing PrRP mRNA, a weak signal was obtained from both the rostral and caudal mediobasal hypothalamus but not the mammillary bodies or in the water negative control. When the Superscript enzyme was omitted from the RT reaction, no PCR products were obtained for any region.
PrRP mRNA distribution
In vitro experiments
When pituitary cells were prepared by the trypsin digestion method, oPrRP did not cause a significant increase in prolactin concentrations in the culture medium whereas TRH resulted in a greater than twofold increase in prolactin (P<0·01; results not shown) with a maximal response at 10 nmol/l. Cells prepared by the collagenase method did show a prolactin response to oPrRP in two out of three experiments. Overall analysis of the three experiments by nested ANOVA revealed a highly significant (P<0·01) effect of oPrRP which was due to increased prolactin concentrations in response to 10 and 100 nmol/l PrRP in one experiment and at 10 nmol/l and 1 µmol/l PrRP in another. In the third experiment, PrRP had no significant effect on prolactin. Again, TRH caused a twoto threefold increase in prolactin concentrations (P<0·01) in all experiments with a maximal response at 1 nmol/l. Examples of the prolactin responses to PrRP and TRH for one of the three experiments are shown in Fig. 4 .
In vivo experiments
In the period from 10 to 180 min after intravenous injection of oPrRP (10 and 50 nmol doses), plasma prolactin concentrations were not significantly different from those after vehicle injection. Table 1 shows prolactin concentrations in the period immediately before and after injection. In contrast, immediately after injection of TRH (10 nmol), prolactin concentrations were significantly (P<0·01) increased (Table 1) and remained above those following vehicle control injections for the entire sampling period (180 min; results not shown). Intracerebroventricular injection of PrRP also had no effect on plasma prolactin concentrations (Table 1) or pulsatile LH secretion (Table 2 ).
Figure 3 RT-PCR of sheep tissues with primers to the coding region of oPrRP and -actin. Cn, caudate nucleus; AH, anterior hypothalamic region; DMH, dorsomedial hypothalamic region; LH, lateral hypothalamic region; VMH, ventromedial hypothalamic region; Arc/ME, arcuate nucleus and median eminence; AP, anterior pituitary gland; BSdm, dorsomedial brainstem; BSvm, ventromedial brainstem; Bslat, lateral brainstem; rMBH, rostral mediobasal hypothalamus; cMBH, caudal mediobasal hypothalamus; Mb, mammillary bodies. PCR products were electrophoresed on a 1·5% agarose gel and visualised with ethidium bromide. 
Discussion
Since its discovery by Hinuma et al. (1998) , few studies have provided strong evidence in support of a role for PrRP as a PRF. The present study in sheep is the first detailed investigation of this peptide in a species other than the rat and shows that PrRP has only a weak stimulatory effect on prolactin secretion in vitro and is much less potent than TRH. In vivo, PrRP had no effect on plasma prolactin or LH secretion. Further, the distribution of mRNA for PrRP suggests that, as in the rat, this peptide is likely to be involved in functions unrelated to the regulation of anterior pituitary gland function.
In their original publication on PrRP, Hinuma et al. (1998) used dispersed anterior pituitary cells from lactating rats in static culture and showed that PrRP and TRH were equipotent in terms of their ability to stimulate prolactin secretion. In a later study by this group (Kawamata et al. 2000) , it was shown that cells obtained from lactating rats were more responsive to PrRP than those obtained from random cycling rats. Nevertheless, a highly significant effect of PrRP was observed in the cells from random cycling rats with prolactin concentrations in culture medium increasing to between 130 and 160% of control. They also showed that PrRP was effective in pituitary cells from male rats but that the prolactin response was enhanced by prior treatment with oestrogen. In contrast to these studies, Samson et al. (1998) obtained poor responses to PrRP in pituitary cells obtained from random cycling rats and no response in cells prepared from male rats. Methodological differences between these two laboratories could explain the experimental differences. For example, Kawamata et al. (2000) have shown that preincubation for 4 days rather than for 1 day in FCS-DMEM markedly enhances the responsiveness of anterior pituitary cells to PrRP relative to TRH. This group also claims that dispersion of cells with collagenase rather than trypsin is necessary in order to maximise responsiveness to PrRP (S Hinuma, personal communication) . These details are of note because Samson et al. (1998) used trypsin dispersion and preincubated their cells for only 3 days, which could explain the poor responses to PrRP compared with TRH. In the present study of sheep pituitary cells, we compared our standard trypsin dispersion method with a modification of the collagenase method used by Kawamata et al. (2000) and, in both procedures, cells were preincubated for 4 days before treatment with peptides. Consistent with the above discussion, we only observed significant stimulation of prolactin secretion when the collagenase dispersion method was used. Clearly the trypsin and collagenase methods differed in several ways in addition to the enzyme preparations used and we made no attempt to identify the critical factor(s) associated with increasing the responsiveness to PrRP. In other experiments not reported here, we tested rat PrRP supplied by Dr S Hinuma (Takeda Chemical Industries, Ibaraki, Japan) and oPrRP sourced from another company (Phoenix Pharmaceuticals, Belmont, CA, USA) and again found no effect on prolactin secretion, even though TRH increased prolactin concentrations more than twofold. Pre-injection window LH pulse frequency (pulses/3 h) 3·5 0·4 3·3 0·2 3·2 0·3 LH pulse amplitude (ng/ml) 2·2 0·4 2·3 0·5 2·7 0·4 Mean LH (ng/ml) 4·3 0·6 3·8 0·8 3·8 0·9 Post-injection window LH pulse frequency (pulses/3 h) 3·0 0·2 2·7 0·5 2·7 0·5 LH pulse amplitude (ng/ml) 1·9 0·3 1·9 0·3 1·7 0·4 Mean LH (ng/ml) 3·9 0·5 3·6 0·7 3·4 0·7
Experiments done on primary cultures of rat anterior pituitary cells (Kawamata et al. 2000) indicate that the 2 amino acid difference between rat and bovine/ovine PrRPs does not affect biological activity. Together, these results suggest that PrRP is not a potent PRF in sheep although further studies on cells obtained from ewes in the follicular phase, following oestrogen treatment and during lactation are required to clarify this issue. Given the low potency of PrRP in our in vitro experiments, it is perhaps not surprising that we saw no effect on plasma prolactin concentrations following intravenous injection of 50 nmol PrRP (about 1·2 nmol/kg). It is important to note that, in rats, doses of 50 and 500 nmol/kg in females and males respectively are required to stimulate plasma prolactin secretion and so it remains possible that similar dose rates on a per kg basis may affect prolactin secretion in sheep. However, in comparison, both in rats (Jarry et al. 2000) and sheep (present study), low doses of TRH cause a marked stimulation of prolactin secretion, clearly indicating that PrRP has relatively low potency in both species. In the rat, GR3, the putative PrRP receptor, is abundantly expressed in the anterior pituitary gland (Welch et al. 1995 , Hinuma et al. 1998 , although more recent studies also show that receptor protein and mRNA are present at higher levels in the reticular thalamic nucleus and periventricular hypothalamus than in the anterior pituitary gland (Roland et al. 1999) . Clearly, further studies are required to determine the role of this receptor in the anterior pituitary gland.
We also tested for centrally mediated effects of PrRP on prolactin and LH secretion following intracerebroventricular injection but again no effects were observed. Of interest in this regard, Seal et al. (2000) have reported a significant stimulatory effect of PrRP on plasma LH and follicle-stimulating hormone in male rats following intracerebroventricular injection. Further, in female rats treated with oestrogen, central injection of anti-PrRP serum suppresses the LH and prolactin surges (Hizume et al. 2000) . Clearly, further studies of both rats and sheep are required to determine whether there are major species differences in the roles of PrRP that can account for these different responses.
In the present study, a single transcript for PrRP of about 590 bp was detected by Northern blot. In contrast, the assembled oPrRP cDNA sequence obtained by 3 ,5 -RACE was only 461 bp but this difference is presumably due to the poly-A tail. The cDNA structure of oPrRP is similar to that reported for rat PrRP (Yamada et al. 2001) . The rat PrRP gene spans about 2·4 kb and contains three exons and two introns. In the present study, we did not determine the genomic sequence, but the oPrRP gene most likely also contains introns because PCR of genomic DNA yields a higher molecular weight product than expected from the cDNA sequence (authors' unpublished observation). This observation also indicated that RT-PCR products obtained in this present study are derived from processed mRNA. Another interesting feature of the PrRP gene, in both rat and sheep, is the relatively short length of the UTRs. In particular the small size of the 3 -UTR may be important in increasing mRNA stability (Tanguay & Gallie 1996) .
In the rat, PrRP is most abundantly expressed in the brainstem where both mRNA and protein have been localised to the caudal part of the nucleus of the solitary tract and the caudal ventrolateral medulla (Chen et al. 1999 , Minami et al. 1999 . In our Northern blot and RT-PCR experiments performed on sheep tissues, the strongest signals were obtained from the dorsomedial followed by the lateral brainstem which, respectively, include these regions. As in the rat, the level of expression in the sheep hypothalamus was much lower than in brainstem as illustrated by the Northern blot (Fig. 2) and RT-PCR (Fig. 3, lower panel) . Within the hypothalamus, we obtained a strong RT-PCR signal from the ventromedial region which excluded most of the arcuate nucleus and lateral hypothalamus. When we divided the mediobasal hypothalamus into rostral and caudal regions which were separated at the caudal margin of the infundibular stalk, we observed signals of similar intensity from the two regions. This finding suggests a more extensive distribution of PrRP in the sheep compared with rat hypothalamus in which expression is localised to a small region in the caudal hypothalamus, identified as the caudal dorsomedial hypothalamus (Minami et al. 1999) . However in our experiments on the rat hypothalamus in which the brain micropunch technique was combined with quantitative RT-PCR, we detected a greater level of PrRP mRNA expression in the ventromedial hypothalamic nucleus, predominantly within the dorsomedial division, than in the caudal dorsomedial hypothalamus (S T Anderson, T Lang, I C Kokay, D R Grattan & J D Curlewis; unpublished results) which is where PrRP mRNA and peptide have been localised by Minami et al. (1999) .
In conclusion, our results have indicated that PrRP is expressed in the ventromedial hypothalamus and brainstem of sheep. Experiments conducted in vivo and in vitro do not support a role for this peptide in the regulation of either prolactin or LH secretion in this species.
